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1.0  INTRODUCTION 


The  VHF  localizer  has  existed  in  general  operational  use  for  well  over 
three  decades,  as  part  of  the  ILS,  to  provide  horizontal  guidance  for 
aircraft  approaches  to  airports.  The  localizer  generates  a  more  or  less 
directional  tone  modulated  radiation  pattern  centered  about  a  runway 
centerline  extended  to  produce  proportional  left  or  right  instrument 
deviation  indications  in  an  airborne  receiver  depending  on  the  aircraft 
location  within  the  localizer  course  sector  and  full  scale  deviating 
indication  (called  clearance)  elsewhere  within  the  localizer  signal 
coverage.  All  localizers  in  general  conform  to  the  International  Standards 
and  Recommended  Practices  of  ICAO  Annex  10. 

Since  its  original  inception  many  improvements  have  been  introduced  to 
the  system  along  the  lines  of  electronics  and  antenna  developments.  The 
design  and  performance  characteristics  of  the  radiating  antenna  array  is 
of  special  importance  due  to  the  critical  necessity  for  accurate  guidance 
with  decreased  visibility  and  approach  minimums.  A  potential  problem  is 
that  at  many  airports,  the  radiated  signal  could  be  adversely  affected 
due  to  reflections  from  buildings,  taxiing  aircraft,  etc.,  thus  limiting 
the  accuracy  and  use  of  the  localizer  during  low  visibility. 

This  report  presents  the  results  of  a  major  development  effort  for  antenna 
arrays  which  overcome  weaknesses  of  existing  systems  and  are  suitable  for 
practically  all  types  of  airport  sites. 


2.0  BACKGROUND 


For  a  background  of  the  development  effort,  it  would  be  well  to  briefly 
summarize  some  of  the  difficulties  associated  with  the  existing  localizer 
antenna  arrays  in  operational  use  by  FAA  during  the  Fifties  and  Sixties, 
namely  (1)  the  39-foot  aperture  single  frequency  eight-loop  array, 

(2)  the  117-foot  aperture  two  frequency  waveguide  (with  its  eight-loop 
array  for  clearance  and  backcourse) ,  and  (3)  the  105-foot,  single  frequency, 
15-element  V-Ring  array. 

All  of  these  arrays  were  developed  at  a  time  when  FAA  required  both  a 
front  and  a  back  course  and  full  scale  clearances  at  all  azimuths  between 
the  front  and  back  course  sector  width  limits.  Due  to  increasingly 
difficult  siting  conditions  created  by  normal  airport  expansion,  these 
arrays  were  hard  pressed  to  provide  Category  II  (and  in  many  cases  even 
Category  I)  performance.  The  siting  problem  was  further  aggravated  by 
the  introduction  of  larger  and  higher  performance  jet  aircraft  which  re¬ 
quired  better  localizer  beams  for  operation  with  their  couplers.  None 
of  the  existing  arrays  were  designed  to  take  advantage  of  a  newly  imple¬ 
mented  policy  which  deleted  the  requirements  for  a  back  course  and  for 
clearances  beyond  _+35°  of  the  front  course.  Each  used  individual  radiating 
elements  with  little  or  no  directivity.  They  all  suffered  from  now  absolete 
and  overly  sensitive  monitor  pick-up  arrangements  resulting  in  instabili¬ 
ties  and  susceptibility  to  weather.  The  design  did  not  take  into  account 
overflight  interference  and  means  of  minimizing  it.  Specific  shortcomings 
in  each  array  had  been  noted  as  follows: 

Eight-loop  array.  Due  to  its  small  aperture,  its  course  quality  is  not 
good  for  Category  II  or  even  Category  I  in  many  cases.  Its  clearances 
are  generally  marginal.  The  array  had  to  be  "tailored"  to  each  site 
with  special  screening  in  many  cases  resulting  in  high  initial  installa¬ 
tion  and  flight  inspection  costs. 

Wave  guide  system.  Initial  production  costs  for  this  "brute  force"  type 
of  an  array  as  well  as  the  costs  for  the  "tailored"  installation  and 
flight  inspection  are  very  high.  In  addition,  the  waveguide  required 
a  separate  eight-loop  array  for  clearances  and  the  back  course. 

V-Ring  array.  The  single  frequency  V-ring  array  represented  a  compromise 
design  with  a  complex  antenna  element.  In  spite  of  its  complexity,  it 
would  not  meet  Category  II  requirements  for  course  quality  and  clearance 
at  many  sites.  It  has  been  susceptible  to  severe  monitor  problems  and 
suffers  from  the  effects  of  mutual  inductance  coupling.  It  requires 
precise  on-site  tuning  for  each  frequency. 

Contract  DOT-FA70WA-2253  was  awarded  on  October  27,  1969,  to  Andrew  Alford 
Consulting  Engineers,  Winchester,  Massachusetts,  for  a  theoretical  design 
study  and  the  development,  fabrication  and  test  of  three  new  state-of- 
the-art  types  of  localizer  antenna  arrays  which  would  meet  the  latest 
operational  requirements  and  overcome  the  deficiencies  described  above. 
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Some  of  the  major  provisons  of  the  contract  requirements  included  per¬ 
formance  in  accordance  with  the  ICAO  requirements,  accommodation  of 
the  antenna  arrays  to  any  typical  type  of  siting  environment,  more 
directive  antenna  elements  with  built-in  individual  monitor  probes, 
reduced  antenna  element  to  element  mutual  coupling,  no  antenna  adjust¬ 
ments  over  the  frequency  band,  add-on  capability  to  a  given  array  to 
achieve  improved  performance,  and  maximum  time  delay  of  one  second  as 
allowance  for  interference  caused  by  overflying  aircraft.  For  the 
more  difficult  sites,  the  two-frequency  concept  was  re-introduced. 

This  development  has  essentially  met  or  exceeded  all  the  original 
engineering  requirements.  The  result  has  been  a  common  traveling  wave 
antenna  element  and  five  basic  antenna  arrays  or  combinations  of  arrays 
assembled  from  the  common  element,  namely  (1)  the  type  C6-1,  a  six 
element  clearance  array  (2)  the  type  0,  an  eight-element  single 
frequency  array  (3)  type  1A,  a  14-element  single  frequency  array  (4) 
type  IB  consisting  of  a  14-element  directional  array  used  with  the  six- 
element  separate  frequency  type  C6-1  clearance  array  and  (5)  type  IX, 
consisting  of  a  22-element  directional  array  and  used  with  the  eight- 
element  separate  frequency  type  0  clearance  array. 

The  most  economical  selection  of  an  array  obviously  requires  considera¬ 
tion  of  the  siting  conditions  as  well  as  the  performance  Category  (I, 

II  or  III)  that  is  to  be  established  for  the  localizer  for  a  given  site. 

A  special  study  was  performed  by  the  Contractor  to  establish  selection 
guidelines.  This  effort  resulted  in  Report  No.  FAA-RD-75-64  "A  Guide 
for  the  Selection  of  Antenna  Characteristics  for  Single  Frequency  and 
Two  Frequency  Localizers  in  the  Presence  of  Reflecting  Structures." 

This  report  is  considered  an  invaluable  aid  to  the  installation  engineer. 


3.0  DETAILED  TECHNICAL  DESCRIPTION 

3.1  Antenna  element.  All  five  antenna  arrays  developed  by  Andrew  Alford 
Consulting  Engineers  are  made  up  from  the  same  basic  element,  namely 

the  traveling  wave  loop  antenna,  also  called  the  0  element  or,  by  the 
Alford  designation,  Type  4770  element.  See  Figures  1  through  3. 

The  traveling  wave  loop  antenna  element  consists  of  15  radiating  and 
partially  overlapping  rings,  spaced  12.75  inches  apart  at  the  point  of 
attachment  and  slanted  across  an  open  common  balanced  transmission  line 
consisting  of  two  bars  terminated  by  a  resistive  load.  The  sending  and 
receivingends  of  the  balanced  transmission  line  are  provided  with  baluns 
for  conversion  to  unbalanced  input  and  output  terminations  respectively. 
The  output  balun  is  terminated  in  a  50  ohm  impedance.  The  spacing 
between  the  rings  was  chosen  to  produce  a  very  low  value  of  radiation 
along  the  back  course  when  the  element  is  properly  terminated.  The 
directional  characteristics  of  radiation  pattern  can  be  seen  from  Figures 
5,  6  and  7.  It  can  be  seen  from  these  drawings  that  the  radiation  from 
the  antenna  is  essentially  unidirectional  and  that  it  consists  of  a 
single  major  lobe.  The  mutual  inductance  characteristics  between 
adjacent  antenna  elements  is  excellent  and  is  at  least  -34db  at  the 
minimum  spacings  used  between  elements  in  an  array.  The  element  which  is 
18  feet  long  (about  2A)  is  typically  mounted  at  a  height  of  not  over  2/3  A 
(approximately  72  inches)  above  ground  and  presents  a  relatively  low 
profile  andyet  produces  a  low  angle  vertically  directive  radiation 
pattern . 

Other  electrical  characteristics  include  the  following.  The  overall 
element  input  impedance  is  50  ohms.  The  element  will  handle  a  power 
input  of  up  to  75  watts.  The  transmitting  frequency  capability  is  from 
108  to  112  MHz  without  any  antenna  adjustments.  The  input  VSWR  is  less 
than  1.3  : 1  over  this  band.  The  polarization  is  horizontal  with  the 
vertical  component  at  least  -26  db  from  the  horizontal.  The  front  to 
back  ratio  is  26  db+.  The  performance  of  the  antenna  element  is  not 
seriously  degraded  from  icing?  however,  to  insure  no  degradation  of  the 
performance  and  for  protection  of  the  elements,  these  are  usually 
enclosed  in  a  radome  as  shown  in  Figure  1.  To  monitor  the  power  level 
radiated  from  an  element,  the  power  existing  at  the  output  termination 
of  the  element  may  be  sampled.  Samplings  from  each  element  in  an  entire 
antenna  array  are  combined  to  provide  an  analog  monitor  for  the  entire 
array,  as  will  be  shown  later  under  the  discussion  of  monitoring  of  the 
array . 

3.2  Antenna  Arrays.  As  mentioned  already,  there  are  several  antenna 
arrays.  These  are  all  made  up  from  the  same  basic  element.  The  arrays 
have  been  designed  in  such  a  way  that  regardless  of  the  number  of 
elements,  the  spacing  of  the  two  center  elements  are  identical  (i.e., 

.6a  between  each  other  or  each  .3\  from  the  middle  of  the  array,  at  lb1 
MHz)  and  the  spacing  between  all  additional  elements  is  also  identical. 
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namely  .75  A  at  110  MHz.  In  all  cases  an  even  number  of  elements  is 
utilized  which  helps  the  mutual  coupling  problem.  No  spacing  adjust¬ 
ment  is  required  for  a  frequency  change  within  the  band.  However,  each 
type  of  array  requires  its  own  power  distribution  scheme.  Figures  10 
and  11  show  two  types  of  input  power  distribution  networks. 

Five  distinct  arrays  have  been  developed: 

(1)  6  elements  32-foot  aperture,  provides  clearance  radiation  on 

a  separate  frequency  for  the  IB  array  (Type  C6-1) 

(2)  8  elements  45-foot  aperture,  provides  clearance  radiation  on 

a  separate  frequency  for  the  Type  II  array,  or  may 
be  used  alone  as  a  self  clearing  array  (Type  0) 

(3)  14  elements  83-foot  aperture  used  as  a  self  clearing  single 

frequency  localizer  antenna  (Type  1A) 

(4)  14  elements  83-foot  aperture,  directional  array  (Type  IB)  on 

one  frequency,  used  together  with  Type  C6-1  for 
clearance 

(5)  22  elements  140-foot  aperture  directional  array  (Type  II)  on 

frequency  used  together  with  Type  O  for  clearance 

Table  I  displays  antenna  element  spacings  for  each  array.  Tables  II  and 
III  list  the  nominal  current  amplitudes  and  phase  of  the  currents  applied 
to  each  antenna  element  of  each  array. 
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TABLE  I 


Antenna 

Spacmgs 

in  Wavelengths 

from  Center  of 

C6-1 

0 

1A 

IB 

II 

Element  Number 

1L  and  1R 

.3 

.3 

.  3 

.3 

.3 

2L  and  2R 

1.05 

1.05 

1.05 

1.05 

1.05 

3L  and  3R 

1.8 

1.8 

1.8 

1.8 

1.8 

4L  and  4R 

N/A 

2.55 

2.55 

2.55 

2.55 

5L  and  5R 

N/A 

3.3 

3.3 

3.3 

6L  and  6R 

4.05 

4.05 

4.05 

7L  and  7R 

4.8 

4.8 

4.8 

8L  and  8R 

N/A 

N/A 

5.55 

9L  and  9R 

6.3 

10L  and  10R 

7.05 

11L  and  HR 

7.8 

Note  1:  The  "L"  and  "R"  suffixes  to  the  element  numbers  designate  the 
left  side  and  right  side  of  the  arrays  as  seen  by  an  aircraft  on  approach 
or  an  observer  standing  in  front  of  or  facing  the  array. 

Note  2:  The  physical  locations  of  the  element  pairs  with  respect  to 
centerline  remains  constant' throughout  the  localizer  frequency  band. 

The  electrical  distances  will  accordingly  vary  as  the  operating  frequency 
differs  from  110  MHz. 


TABLE  II 

Antenna  Carrier  Current  Relative  Level  and  Phase 


C6-1 

0 

1A 

IB 

II 

Element  Number 

1L  and  1R 

1.000 

1.000 

1.000 

.893 

1.000 

2L  and  2R 

0 

.363 

.394 

1.000 

.964 

3L  and  3R 

.200 

.143 

.394 

.714 

.892 

4L  and  4R 

N/A 

.055/180°* 

.212 

.491 

.791 

5l  and  5R 

N/A 

.212 

.263 

.669 

6L  and  6R 

.060 

.160 

.538 

7L  and  7R 

.060 

.160 

.411 

8L  and  8R 

N/A 

N/A 

.297 

9L  and  9R 

.206 

10L  and  10R 

.140 

11L  and  HR 

.101 

^Everywhere  except  here,  relative  phase  is  0°. 

Note:  The  "L"  and  "R"  suffixes  to  the  element  numbers  designate  the  left 

side  and  right  side  of  the  arrays  as  seen  by  an  aircraft  on  approach 
or  an  observer  standing  in  front  of  and  facing  the  array. 
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TABLE  III 


Antenna  Sideband  Current  Distribution  Relative  Level  and  Phase 


C6-1 

0 

1A 

IB 

II 

Element  Number 

1L  and  1R 

.90o/o°/ieo°* 

1.000  1.000 

.222 

.057 

2L  and  2R 

.300 

*  890 

.759 

.667 

.169 

3L  and  3R 

.0125 

.  700 

.414 

1.000 

.277 

4L  and  4R 

N/A 

.416 

.586 

1.000 

.326 

5L.  and  5R 

N/A 

.276 

.889 

.387 

6L  and  6R 

.379 

.555 

.369 

7L  and  7R 

.138 

.367 

.352 

BL  and  8R 

N/A 

.281 

9L  and  9R 

.233 

10L  and  10R 

.135 

11 L  and  llR 

.130 

*This  phase  relationship  applies 

to  all 

values  in 

the  table. 
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3.3  Antenna  Performance,  The  minimum  performance  array.  Type  0  as  des¬ 
cribed  herein  is  self-clearing  (i.e.,  a  single  frequency  rf  carrier 
provides  a  course  as  well  as  full  clearances) .  It  is  intended  for  use 
at  locations  relatively  free  from  reflection  interference  sources  in 
the  180°  front  course  azimuth  sector  of  the  array.  In  comparison,  the 
14-element,  type  1A  array,  also  self  clearing,  which  directs  a  greater 
proportion  of  the  radiated  energy  along  the  runway  centerline,  may  be 
used  at  locations  having  a  moderate  extent  of  interfering  sources  in 
front  of  the  array.  The  radiation  patterns  of  these  two  arrays  are 
shown  in  Figures  8  and  9,  respectively. 

A  graphic  comparison  among  several  arrays  is  presented  in  Figure  12 
which  shows  the  relative  distribution  of  sideband  radiation  versus 
azimuth  of  several  arrays.  Note  in  particular  the  relative  amplitudes 
of  the  8-loop  array,  the  15-element  V-Ring  Array,  the  Type  0  and  Type 
1A  array.  In  general,  the  greater  the  relative  level  of  off-course 
sector  radiation  the  greater  the  potential  is  for  a  reflecting  source 
at  these  azimuths  to  cause  a  reflected  signal  to  combine  with  and 
deteriorate  the  signal  elsewhere  within  the  coverage  including  the 
course  where  beambends  may  be  caused.  The  improvement  made  possible 
by  the  introduction  of  the  traveling  wave  antenna  arrays,  when  compared 
to  the  previously  existing  arrays,  is  obvious. 

Figures  15-20  are  presented  to  show  the  radiation  patterns  of  the  Type 
0  array  as  frequency  and  course  widths  are  changed  from  one  operating 
limit  to  the  other.  The  Type  IB  (which  includes  the  14-element  direc¬ 
tional  arrays  plus  the  C6-1  clearance  array)  will  provide  Category  II 
localizer  course  quality  even  at  difficult  sites  and  may  also  be  used 
for  Category  III  ILS  application.  A  typical  radiation  and  ddm  pattern 
is  shown  in  Figure  21. 

The  radiation  pattern  for  the  Type  II  array  as  shown  in  Figures  22  and 
23  shows  the  exceptional  directional  course  characteristics  of  this 
array.  The  Type  II  array  has  been  proposed  as  suitable  for  application 
at  difficult  Category  III  sites. 

To  date  all  the  types  have  been  installed  and  tested,  and  all,  except 
the  Type  II  array  have  been  put  into  operational  commissioned  use. 

Each  of  the  five  separate  arrays  described  (C6-1,  0,  1A,  IB  and  II)  is 
driven  by  two  separate  input  signals  consisting  of  a  modulated  carrier 
(CS)  and  a  carrier  suppressed  double  sideband  signal  (SO) ,  through  an 
input  distribution  network.  This  network  which  is  different  for  each 
array,  distributes  each  signal  to  the  elements  in  the  relative  nominal 
current  ratios  and  phase  as  indicated  in  Tables  II  and  III.  The  antenna 
input  distribution  networks  are  illustrated  in  Figures  10  and  11  for 
the  Type  0  and  Type  1A  arrays,  respectively.  The  relative  ratio  between 
CS  and  SO  determines  the  course  width  for  a  single  array  (compare,  for 
example,  Figures  15  and  16).  No  backcour.se  is  generated.  When  two 
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separate  carriers  are  employed  (Type  IB  and  II) ,  the  course  radiation 
carrier  predominates  within  the  course  sector  and  the  separate  clearance 
rf  frequency  carrier  at  azimuths  beyond  the  capture  points  where  the  two 
are  equal  in  amplitude.  Any  reflections  of  the  clearance  energy  into  the 
course  sector  is  discriminated  against  by  the  so-called  "capture  effect" 
in  the  receiver,  i.e.,  the  non-proportional  discrimination  to  the  weaker 
rf  signal  by  the  predominant  course  rf  signal.  The  relative  power  ratio 
of  the  signals  to  each  array  is  adjusted  to  provide  an  overall  acceptable 
course  width  and  clearance.  On  the  courseline,  the  clearance  carrier  is 
nominally  10  dB  below  the  course  carrier.  Figures  21  and  23  show  the 
resultant  ddm  distribution  from  the  dual  frequency  IB  and  II  arrays. 

TABLE  IV  summarizes  some  additional  comparison  characteristics  among  the 
arrays . 

3.4  Monitoring.  All  the  antenna  arrays  described  are  provided  with  integral 
monitor  pick-up  systems  which  will  supply  localizer  on-course  and  off-course 
status  signals  for  conventional,  i.e.,  typical  FAA  in-use  monitors.  The 
shortcomings  of  the  monitor  systems  previously  described  such  as 
environmental  effects,  overflight  interference,  and  time  delays  have  been 
eliminated  by  the  integral  monitor  system.  The  integral  monitor  system 
effectively  samples  the  energy  radiated  from  each  element  of  the  antenna 
array  and  recombines  these  signals  to  accurately  represent  far  field  course , 
and  course  deviation  sensitivity  or  clearance  behavior. 

The  monitor  combining  networks  shown  in  Figures  10  and  11  are  typical 
for  all  the  arrays,  except,  of  course,  for  the  number  of  antenna  elements 
involved.  In  the  system  shown  in  Figure  10,  the  signals  are  sensed  by 
eight  dual  couplers  representing  the  terminal  loads  connected  to  the 
outputs  of  each  of  the  eight-antenna  elements.  The  coupling  loss  is  about 
14  db.  A  set  of  one  signal  from  each  coupler  is  taken  and  fed  through 
cable  lengths  chosen  to  be  of  equal  electrical  length  between  each  coupler 
and  the  inputs  to  a  9-port  resistive  star  combiner,  the  output  port  of 
which  represents  the  combined  rf  signal  which  is  fed  to  an  on-course 
detector.  A  set  of  a  second  signal  from  each  of  the  eight  couplers  is 
taken  and  fed  to  the  inputs  of  a  second  9-port  resistive  star  combiner, 
the  output  port  of  which  produces  the  combined  rf  signal  which  is  fed 
to  the  off-course  detector.  However,  in  the  case  of  the  signals  fed  to 
the  star  combiner  for  the  off-course  detector,  their  electrical  paths  are 
not  equal.  In  this  case,  instead,  for  example  starting  with  the  cable 
from  the  extreme  left  coupler  and  going  to  the  right,  each  successive 
cable  is  increased  in  length  Ly  an  electrical  length  made  equal  to  d  Sin 
9  where  d  is  the  distance  in  electrical  degrees  at  110  MHz  between  two 
adjacent  antenna  elements  and  0O  is  the  off-course  angle  at  which  the 
signal  is  to  be  monitored,  typically  2°  from  the  course  center  line.  The 
value  of  0  remains  constant  in  a  given  system  after  it  has  been  chosen. 

The  combined  off-course  signal  that  is  produced  is  essentially  the  same 
signal  that  wuld  be  picked  up  by  the  off-course  dipole  in  the  field  at  an 
angle  60  provided  that  the  dipole  were  placed  far  enough  from  the  array  to 
be  effectively  located  in  the  "far  field,"  i.e.,  beyond  2D^/X  where  D  is 
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the  width  of  the  array  and  A  is  the  wavelength.  For  a  100-foot  array, 
this  is  approximately  2 # 200  feet  from  the  array.  The  arrangement  adopted 
for  the  off-course  signal  combiner  approximates  the  ideal  arrangement  in 
this  repect  and  provides  a  signal  similar  to  one  that  would  be  picked 
up  in  the  far  field. 

3.5  Field  tests  and  implementation.  At  an  early  stage  of  the  development 
effort  two  significant  field  tests  were  conducted,  one  at  Tulsa,  Oklahoma 
and  the  other  at  Boeing  Field  International. 

The  following  is  an  excerpt  from  Contractor  Progress  Report  No.  22  which 
covered  field  testing  at  the  Tulsa  International  Airport  in  August  1971. 

"The  V-rinq  generated  localizer  course  serving  runway  35R  at  Tulsa, 
Oklahoma  is  very  rough  because  of  the  erection  of  a  large  hangar  for 
Boeing  747  Airplanes.  Depending  upon  whether  the  doors  are  open  or 
closed,  the  course  bends  vary  between  45  and  60  microamperes . 

The  recently  completed  tests  at  Tulsa  were  undertaken  to  determine  whether 
a  CAT  II  localier  course  could  be  obtained  with  a  two-frequency  system 
consisting  of  a  fourteen  element  traveling  wave  course  array  ( FAA  IB) 
together  with  an  eight  element  (FAA  Type  0)  array  as  a  clearance  array, 
or  a  six  element  C6-1  Clearance  Array. 

Several  combinations  were  tried.  Every  combination  after  some  adjustment 
of  input  powers,  resulted  in  a  CAT  III  performance.  The  arrangement 
recommended  as  the  result  of  the  test  consists  of  the  fourteen  element 
course  array  (FAA  Type  IB)  placed  at  580’  from  the  runway  and  a  six 
element  clearance  array  C6-1  placed  780'  from  the  runway." 

The  field  tests  at  Boeing  Field  International  were  conducted  a  year  later 
and  included  testing  of  all  the  newly  developed  antenna  arrays.  The 
Boeing  field  was  considered  a  difficult  site  for  localizer  installations 
as  the  existing  localizer  waveguide  installation  only  yielded  Category 
I  course  quality  performance.  It  was  found  that  the  Type  2  (actually 
the  same  as  Type  II  as  described  in  this  report)  would  provide  Category 
III  course  quality.  The  Boeing  tests  served  to  demonstrate  the 
relative  performance  capability  of  all  the  traveling  wave  antennas  and 
the  existing  waveguide  and  eight  loop  arrays.  A  major  excerpt  of  the 
Contractor's  progress  report  for  this  phase  of  his  development  effort 
has  been  included  as  an  Appendix  to  this  report. 

To  date  some  MO  each  type  ]B  systems  built  by  Texas  Instruments  Inc. 
for  the  US AF  and  FAA  have  been  or  are  scheduled  for  installation. 

More  recent  development  efforts  by  Andrew  Alford  Consulting  Engineers 
under  a  subsequent  contract  have  resulted  in  a  single  combined  both 
course  and  clearance  array  with  performance  comparable  to  type  IB. 
Additionally,  special  monitor  arrangements  including  antenna  misal iqnment 
detectors  and  rf  cable  deterioration  detectors  have  also  been  developed 
and  fic?ld  tested  under  this  contract.  A  separate  report  is  anticipated 
on  these  de ve lopmcnts . 
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spacing,  between  the  coin  s*'  array  and  the  clearance  array  van 
approx i via  1  e ly  7  '*  1  ■  l  .  Th  5  s  cc»nd  i  1 i  on  i s  shown  by  a  d ncdr...  1 

line  on  Uwg.  A? 32-  hOh \ i>. 

To  novo  th<*  '  element  clearance  array  forward,  the*  temporary 
wood  on  plat  for:.'.  ;  d i .  connect od  at  the  center  of  tbs  dock  and 

each  hnl 9  of  the  army  was  carried  fox-ward  as  a  whole.  The*  t  error  ar* 
woodou  dock  was  l»ol  t «.  d  together  again  at  the  im/  location  and  the 
arr ay  was  n:i do  roar onab  1  y  ] e ve  1 , 

Ho  attempt  was  p»  ido  to  realign  Die  array  very  accurately. 

The  align:.' ni  j*,  1  the  centering  of  the  eight  element  array  v:iih 
respect  to  runway  cent  erl  i  re  was  done  by  tape  measure  and  by  eye  % 

For  a  clearance  Jrr  .7  .  m.  lieu  ion  >  and  for  the  tests  that  v;e  wrr- 
making,  there  was  no  to  locate  tin’s  array  with  ary  greater 

pren i r ion . 


C.  Tort  Cor  .  \  Jurat  i  ens 


1,  Site  Selection 

The  selection  of  booing  Field  as  the  location  for  the  type  ? 
local  ir.er  teats  w.j::  made  on  the  basis  of  the  following,  consider.!  t  I  ■-ns : 
a.  Reflections  fi-om  hangars  and  the  surrounding,  hi  lls  id*  •  r*  alt 
in  CAT  I  cour.  o  guility  even  with  the  standard  FAA  »v  nr  ie 


local  i  ror .  (lociii/  Field  is,  indeed  a  problem  sit*''  th  ,t 
would  reapin''*  t  h*'  type  3  local  i  rer  if  jr.y  ui.-rading  i  r- 
fornan*,'“  v  n  v.os  y  v:as  d*\.hi  1.) 

b.  Tbo  .ilrpc.i:  i  h.ii.  Ji*.-;  IhUu  of  l.uy,e  jot  traffic  ro  tl.  .t  th-> 
delay:;  as;  1  hit.'*  f  «•»•*••  acs  with  t  ho  tost  rolwdule  ueuid  !o  : \  1 1 
Obis  wi.,  t.  •  c-:  .o.  Kxcopt  for  two  or  t?i;  <•••  h::.l;r; 
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to.,t  j.*r::d,  v  i  nulnmin^u  ivven  10.  Cl  to  2-^.1%. 

The  hfl  i  v.e  L.l  i  ty  we.:,  rut  bach  on  th.*  air  ever;/  da;  fell  ov;  1 : ,  p 
our  1.1:,. it  :  h  eh.:.  Connection  to  tine  Br’I  f  ^ 115  ly  v:a£»  r.cdo  through 
a  junction  box  located  near  th--  eipht  loop  an \.y  and  a  foeor.i 
jun«.  t.  ion  lex  Ic-Titel  Uv^r  vh*  v:  v/e^u  hie .  The  „.va  liable  ;  over 
at  t  hr [  o i ni v.v  a;  :  rovi _.t el  >•  :t3  v:at to  hr  the  clearance 
.uv  y  and  a  I  v:jt  t.  l  or  the  c  crime  array.  Ke\U:r*-d  cal  1-.*  l-.n-’th:., 
at  te.v:  v..<.r  ;  .vr’  .  jin  t.hhl  o  po  .  -r  ilvtero  to  ;-'ducc  the*  •.  ;  o.v  :  .. 
to  th*  i  d  1  e vo  1  o  for  th**  T  v-dc;  rental  an  ays  war.  p3  1 

for  arid  mpyJ  i  ed  iy  AACI2  no  that  no  transmit  Icj  chunky.  v  or 
transmitter  o.A junt r.^nt  3  wore  required. 

D.  rn  Co.;:,:  A  mod  r  co  i  1  i  t  y  CcntMer.uioir. 
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h*  *  tv:  *  ;  i  th*  -.<■  ,  t  *:»■■  to:  :  m:  'V',  and  U.,*  i  .inway  1  *M'  h  :  A  tV.;n 
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1  ■•  .*  .  i;.*i  •’  :n  ••  •:* 

th"  dc/'  <;U'.;.a  r . 

■  ■:  .  voter  . 

Tit.  'C-i  11  j.-in 

.*  o:  o:  -  J 

cc-ur  f  ic  :•  e  t  « 

v  i  a.  a  t  a  rot: 

:.d  :  -/  .:::  th 

<ipp:*o»:?:.  V  lv  : 

tO  f0°  t 

the  fro. at 

ccur.  *.  .  Jn  ti. 

on  Hi'.-  ^  o  ’ 

r,V  the  t  u 

-  -•<. 

;v  :  ‘  * 

fi-oat  ccar.  ■'  ,  t: 

i  ■  .  .  ill...  I:. 

..  .  .  v, a  .  to  1* 

Becau.m  t:.  imeh.y  field  facility  corves  cs  a:*  r,  -i  ^ 
fo"  r.oa-.1  -  ~  : :.  t<..r  net  ion;.  1  Aiiptrt,  5 l  ’.a..;  i.-  .  ■  . 

1*  now  t  :  wh~ :  t  h*..*  ;  •  array  <  rr.tn.nted  in  i i  on l  ci  t 

provided  by  tr  :• .  i  i.u.iiity.  Thin  i  o:  -:ul  :  an  ;n  .  a'...  r- 
i  or  Ioaiiy;  lit*'.:  u  ,e  nine-:  t  he  liFl  facility  nac  to  )•*  rl. 
service  each  v2  ilcw::y  the  tests  of  dovol c;  ’  .*  n t.-.l  a 

It  had  boon  pr-viou  ly  observed  curing  t  ho  ty: 0  arra 
Harrisburg  that  ocscnt  i  a i  ly  no  interference  v:ith  that  faC*  1 
suited  v; h cm  vhe  tyre  0  ai  ruy  vac  rount*  d  approx leal r- 1  v  l.'r~ 
front  of  the  i'AA  v.av-jgc ! d?  course  arr.iy.  In  th-.i  bo?i:.r,  hie 
hot:  over ,  the*  ty;  '*  0  array,  at  lea.  t  during  the  !'  ir;  t  i-ortic 
tent  prcgivn:.,  mi.,  to  bo  ’orated  appr: s  *r.  itoly  133  loot  in  f 
the  waveguide  errae.  A  copper*  if  on  of  the  G  hM  clearance  o 
and  a  comparison  of  lor  a;  protch  data  vi  t h  and  without  ;  ho 
in  front  of  the.  waveguide  array  did  not  indicate  any  c’rcor 
fcrence.  f°o  data  for  run  *  3,  3,  and  11  in  Table  II  and  da 
runs  3,  4,  11,  13,  1!* ,  .13  and  JG  from  Table  V. 

Ac  a  result  of  co::.pa:  m  ar.  of  the  measured  data  ob'.  ain-., 
v/ithoijL  the  type  2  local  iror  in  front  of  the  BTI  local  i  ;vr  , 
the  opinion  cf  V.Tb  ■  f  ’  '0-- 31  FA  . ird  of  th^  er.rin'orc  from  th«  V 
AAC'h,  that  r.o  significant  degradation  of  quality  to  the  Ph1 
had  occur;  -l.  Tie.  in' I  io  :n.i  i  r  was,  thcr-.- f  or  * ,  lyut  i  a  d:  i 
noir.il  r'rhe  ■hiring  al  !  ;  rih  when  th  ■  d  '  vd.:,r  -n#  *1  vs 
not  lv  Lny  to  s^*d. 


}\ _ r :  *:  ei.  u  a  <  ■  '  '  '  t  ■  Tobie^i  i_ 

1  Cl  all  to-  t  -ur a t  : c  ss  ,  f#  NM  clearance  orbI.tr.  wore  flown 

at  lb'.  0  i  sht_v  ?'  far  .i  minima.  -*35°  sector  flora  the  front  csu~s 
A  i-Mi-  v  ■"  i  *  :  a:.4.  ■ -f  those  clearance  orbits  are  p vc.n  in 

Ta’  o*  II.  II;-  r'ar.r*.  a  »uv-.  d  w:ti.  in  the  f  3  !> 0  v;a  ?Oiv 

will.  :h<.  lype  If  ,.i  i  iy.  This  at  i  a /  ,  hovrever,  i e  denim. d  to  r-tart 
cult  i. if,  ol f  close  m  3L>°  so  that  an  error  in  ar.^le  of  2°  or  ?° 
could  .n  the  d:f  Vuc-nce  between  indicated  c.le.rranc*,r  of  JC'^^c6*- 
at  30°  in  on-.-  c-v>o  to  perhaps  as  hi  eh  a-:  330  in  another  oa-'-e. 
Previous  flight  dm  :i  ts*.*  n  on  the  typo  JA  array  at  KAPhC  dors  shew 
th-  rhuiiy  .  off  .in  th*  clearance:  quite  clearly.  The  data  frc*". 
KAH  1  •  :  ; i :/ -e  clearances  a°.  hi£h  as  333  s*<\  at  both  mu’'  and  -31° 
on  t;  cm,.*:  orbit. 


It  was  four)  dur’nr  «.ba  reduction  of  Lho  site  last  data  that 
in  so.’..%  car-,  c  the  ir.arl  a  indicut’np.  110-  or  1 35°  were  not  always  ny\  • 
with  th*  crce.o’Ar  point.  It  was  also  observed  that  on  consecutive 
runs  or  successive  runs  of  essentially  the  sane 

test  th,.L  the  clearances  at  the  indicated  angles  did  not  always  a,;r 
This  \  s  norr.ei  on  has  Lc«*n  observed  on  a  number  of  previous  test  flip 
It  would  a,;.  \x  as  if  a  cud  ion  tail  wind  or  c*n  increase  in  airermt 
speed  tans-' l  th"  aircraft  to  traverse  one  portion  of  the  sector  fa.; 
than  anufh'T  ■  suul  portion  of  the  sector.  This  effect  would  :  use  : 
any  .1*  i.-ivim  •  on  the  i-co:dinp,s  look  un.  yinn.etri  ca  l .  Another  possi 
Ciiu‘  e  Is  si cva.'  T.s  ol  the  A\C  circuit  .  In  other  cases,  small  errors 
hav"  (i-currod  in  the  :ur!.in.’  on  the  record!  nr.  of  the  atvlos  fium  1 5  j.  • 
course  K  o.ui  •'  p round  pc  in..’,  were  used.  In  reducing  the  data,  r,o:r.<* 


A 


•*  / 


The  unable  dr  lance  data  n.oa.au-od  at*  fooirip  field  is  presented 
in  Table  lit  an.!  TnLd  ^  IV.  Data  for  both  receivers  if.  p’vrn.  The 
flap  currents  arv  pivm  in  Table  1.  Minirut.  flap,  current',  ar^  piven 
in  laid*:*  X.  Tin-  ninuum  flap  curiv-nl  in  all  ton  is  was  310  riicro-ampc 
The  data  presented  In  Tables  111  ^nd  IV  show.,  that  usable  distance 
was  .  :chi  ve  1  at  lei  up  field'  j  cr  all  lest  conf .!  purat  ionr  .  I"  is 
also  clear  trow  Ur  data,  that  m  least  at  loeinp  field,  because  of 
the  hills  located  on  l  oth  sides  of  the  runv/av ,  t;u*l  input  powers 
of  2.8  to  3.0  watts  at  the  8  element  or  0  element  clearance  arrays 
results  in  accept al  le  sipnal  stivnpth  levels  at  the  test  altitude  of 
11*00  ft.  above  MSI,, 

The  ACC  voltap.es  piven  in  Table  ill  show  that  tlie  radiation 
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AMoh.  At  18  h’M ,  the  aircraft  v:ould  la*  below  the  line  sipht  at  1L00 
ft.  AMsh.  The  reduetion  of  sipnal  in  the  direction  of  10°/C*0  <.it 
18  NM  ccr.  •  ired  to  the  :  ipnal  in  the  direction  of  10°/lh0^-  (also 
at  lb  DM)  is  appro::  .r.  itely  C  to  10  dli .  Tno  elevation  of  the  tee  rain 
alonp  t  h  10r/lf0  radial  is,  relatively  low.  A  portion  of  this  hilly 
ar<  a  is  shorn  on  ',s; .  A 33 2 -  3 C 1 3 A . 

it  will  he  olu'i  V'si  Horn  the  da  ti  pi  von  in  Tables  III  and  TV  tin 
when  the  Abe  vollace  lev-,1  *.  exceed  the  e  correspond  I  lip  to  a^  pro:-: i salt 
10U  i.i  i  c  ro  Vs.'  1  tr<  or  ;;i’,  th*  apreern*  nt  between  the  two  roavivi  i 
not  fe  >!.  for  AV  l*v.-l..  Uusm,  al  out  S  Microvolts  and  ]00  r'cxvjl 
the  npr  re::  •  nt  is  lair.  The  cn)  ibrat  i  cn  curve'  for  the  aircraft  recei 
used  dv.i’s,  tli  -  site  t<  ..t  arc  shown  on  Dwf  .  A332-  3021.  Receiver  Do. 
lor  run:,  1  thru  3f  v;as  ferial  ho.  1C‘»1.  Icceiver  Ko.  1  for  runs  37 
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A';  a  rdt'ri.::,'  o,  I  he  criteria  for  specific  course  quality  .*■ .»! 
re  q  i  ii  rv  j  i  y  t  i  i-  }  ‘A  A  i : .  y  i.  von  5 i 1  Ay  y *  n  .1  i  :<  A . 
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tin*  array  duel;.,;  tin.  .  t : uv  t n:  •_*  run. 


Pv.*£ .  A  3  3  T  'he/..*:.  a  !  vjlion  of  1 r  tm-. *  u:  a  r  j:>  :cv  tu 

typo  J. . .  r  •'  I:  •  <.  imr:n,\  a:  my  ,  r  i:;  No.  07.  I  vr  .  A? 32*  1  0  >  '  ;  .;r  v:  tl 
port  •  u:i  c:  ti,  .  iruoto:  :•.}.,  •  .  r  •:  tv:  ••  1  ,■«*;  si  ^  r:  i / 

alone,  run  No.  I  .  A  3  3  L'  — !  j.  I  ..!.ov:n  a  mrti'n  o:  t:.>-  at:  uc  ur-: 

run  f  or  t  bo  t  \  t  "  - 1  bo3  i  j  y.  t  •  ,  mu  No.  t  .1 . 

The  iruaut  .J  d  ;tu  1  oT  1  tv;-  2  1  c  _  .1  ■  /.»•  t  d  i  ;  a"  *  that 

a  Category  II  i  tv.  arm  r\:  a  1  :  t  v  a  a  ■  -vnitv.'d  at  L  o*  In,-  i  i  ■  '  : ,  A  * :  o:’i  * 
pariuen  L-iwe-  i;  ti.-'  ma  A  lend  d.»tn  ;  or  tiv*  u*  i  *.v  .  *o  toA 

and  an  analy:;;:  o:  i  r.Ini  j  u  y  !von  in  tin  n*.xt  a- at.  ion. 
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I  .  Ceil:  ■  ■  1'nd  An  =  ’  ■*..  i  •• 


B  c  o  i  n  7  }  ’  i  •?  1  i  1  n  t  e  rn 


it :  onn  1 


In  pi  op  irat  ion  for  the  ji  te  tests  at  Boeing  rield,  an  ini 5 a  1 
pre-test  Lite  analy:  an  v/as  rr.aie  to  determine  what  jrt  of  p.< -rf  :  >  r.  snse 
might  bo  exported  wi  •  h  the  2  Jr»u]:::cr.  Wo  wanted  to  Know  1.) 

-  m  the  course  qua  l  I  *  b  ?  i::,:  rov-.  ;  v*  r  the  couro,-  'ua  1  :  ‘ v  I  •  '  *  t 
provid-d  \  y  the  '~ta:.‘  a  i  v.m  ruib  facilitv  prc**« -r. rly  in  use,  and 
2.)  if  w ecu  Id  u.‘l  thv  cou!"  c  quality,  by  how  much  could  we 

improve  it  r.n  1  j .  )  c '  .11  wo  explain  t  n  a  reasonable  derr*  e  of  certainty 
why  the  p;  •  wnt  f  ac  i  1  '  *  y  ;  i  uvides  the  course  quality  that  it  do*/  a . 

In  addition,  wo  ve^re  also  concerned  with  trie  lvvol  of  c learane*s  that  w*_* 

miyh*  ex.  o  t  an  well  ^  ;  what  input  powers  rr.irht  l-  required  in  hr 

to  achb.  v  u..*.*ah  K-  distance  at  this.  site.  Tince  clearances  ;t/*r 
than  27  f  r  *  ci-n  rv  •••  .- /■  1  /r  i  M  .  U°  conrsa  width  wore  observed 

previou..  1  !  if.ht  test  with  th-  ty]  CS- l  clear  once  array ,  we  did  not 

anticipate  any  difficulty  with  the  clearances .  Also,  since  the  hills 
around  th-  n.ito  would  dictate*  the  required  input  power,  the  r-rimary  oj.’k  or:i 
centered  on  the  course  quality  that  would  be  achieved. 
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The  maximum  course  bonds  were 


found  L  j  be  approx  e  ly  4 10  r.i ci  o  ivporos  .  Later  measure::  nt. '■  h 
shewn  th.it  th.!..  we  a:  proxi::  a  tely  correct.  In  addition,  another 
"truce:/'.:  rail  chuv  1  the  effect  cf  tit.*  e  Lpht  element  arrav  ul-uo. 
From  the  <.h.ia  icr  the  ei^ht  eic-:;.<  at  array  alone,  tr.e  cour  e  bends 
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a  f*0  ft.  hiyht ,  indicated  maximum  course  bend  a  of  approximately 
G.O  n.i  or  t  .v.peros  .  V.’hat  this  meant  is  that  in  order  to  account  fc 
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correct  assir  ipt  ion .  Iron  the  measured  pattern  data,  wo  were  somewhat 
surpris'd  to  find  that  the  maximum  'ISO  in  the  direction  cf  10°  from 
the  first  co urse  sopors  to  Lo  about  4.4.  The  accuracy  of  the  SO 
palter:;..,  !i,v.W':r  ,  *s  somewhat  in  doubt.  To  partially  ch--ck  the 

u:  f'd  pattern  data,  a  compari:  on  war.  made  between  the  measured  rid! 
observed  on  :.o:v._l  ’V  1-.  arasso  orbit”  at  6  .\’!!  and  3000  ft.  elevation 
on  one  hand,  and  th-*-  calculated  11!!  from  the  measured  patterns  cn  th- 
other  hand.  Dwg .  A33c-5j33  shows  this  comparison.  It  can  be  seen 
that  the  agreement  between  the  calculated  and  measured  Did!  data  is  pooh . 
This  agreement  lead:  us  to  believe  that  the  course  width  value  of 
about  4.0°  is  probably  correct.  Since  a  cour'se  width  of  4.6°  would 
be  ifiCon.  !  stout  with  Ml  of  4,4  at  10°,  it  may  b«  assumed  that:  DSD 
vn  lu*_  of  4,4  i  r  doub  *  f  ul . 

In  order  to  d-‘  term  I r*e  the  relative  level,  of  course  bends  to 
be  expect':  d  from,  each  of  the  principal  reflecting  sources  ,  we  have 
constructed  a  table  of  USD’s  for  each  array  with  an  USD  value  listed, 
based  on  the  measured  course  widths,  in  each  of  the  directions  of  t he 
inflecting  sources,  "A” ,  ”B” ,  and  ”C*\  These  directions  as  measured 
from  the  localic*  r  are  approximately  5.6°,  C.3°  and  3.0°,  In  adJiti  s, 
for  use  later  in  ibis  analysis,  the  maximum  MD’l  at  cr  nrtund  10°, 

30°,  and  40°  are  also  listed,  -.-e  Table  VI. 

If  the  maxi;. 'i.-,  amplitude*,  cf  the  measured  course  bend  over  ^ 
section  of  the  cc\.i  •  arc  prep  c.?  t  i  or.al  to  Hr-  values  cf  tiv  lib!  1  .  f»  .  - 
a  number  ci  differ-  nt.  arrays  it.  a  direction  of  a  suspects-  1  lv  i 1  <\  t  I  up 
objects,  tl.  to  t.r  il-l  b*-  sires \rt  tvider.ee  that  th*'  suspect  .--d  oh  j  •  *  _ is 
the  re  f  1-.  :t  .  nr  ob-c  t.  A  plot  of  the  USD*:,  of  the  an  ays  versus 
maximum  am.pl  ‘  t  u  f  of  t  he  cour-..e  bends  should  be  a  straight  line. 
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Sinco  l hi* re  are  several  distinct  groups  of  course  bends  at 
different  di stances  from  the  threshold  along  the  course,  each  group 
probably  Icing  produced  by  different  reflecting  objects,  one  has 
to  make  several  plots  taking  DSD  in  the  directions  of  the  several 
suspected  ie.*.;ecting  objects.  Such  plot*-:  are  shewn  in  Dwgs. 
A332-B03 o,  -1C30,  and  -50:*0.  The  data  on  Lv.'g.  A332-5C38  shows 
the  measured  ;  .xis.um.  course  Lend  at  the  distance  between 
+  £>000  feet  to  +  15  ,000  feet  free;  the  threshold  versus  the  USD's  in 
the  direction  of  3.6°.  The  course  bends  at  these  distances  seen 
to  be  fully  accounted  for  by  inflection  f x  c:r.  Building  C  aic.n^  locat 
approximate: y  at  5.6°  as  corn  from  the  local! cor.  The  agreement 
between  the  e>:;  cored  result  based  on  the  proportionality  of  LSI 1  s 
and  course  bend  amplitudes  as  measured  is  good  except  for  rc:::e 
slight  deviation  in  the  case  of  the  C6~l  and  the  9  locp  arrays. 

Dwg.  A332-SC32  shows  tiie  sam.o  type  of  com.par:  sen  for  the  course 
bends  at  distances  between  -1000  ft.  and  0  ft.  from  tno  tar?  she.  Id. 
Tor  this  range  d  distances.,  the  course  bends  seem  to  bo  due  ahv.es t 
completely  to  Bull. ling  A.  Building  A  is  located  at  an  angle  of  9.0 
f r cm  the  localizer.  The  agreement  between  the  theory  and  the 
measured  hit.*,  ‘-xcept  for  tre  8  loop  array,  is  very  good.  fwg. 
A332-‘j0U0  again  shews  the  carte  type  of  comparison,  as  shewn  on  fwr  - 
A3 32  -  to 38  and  —  but  f or  the  measured  max ’.Turn  course  b ° r.  ,i 

at  distances  l on  0  foot  and  +  2500  ft.  from,  the  thresh'd  \ .  Uh*  1 
the  course  h-nd".  occurring  at  distances  between  0  foot;  nr.  i  •♦31.00  le 
from,  the  thr-*-  hold  is  oom.n  from  both  reflecting  r ounces  A  end  P, 
the  great  c:  t  cour  •  :  uwi  ;  dam  close  to  the  ‘hrehold.  They  would 

appear  to  b  pn  n:el  r:.  ae  hy  i*».  1  led  mg  I'curco  A  than  by  reflect  in. 
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source:  B.  The  NSP's  shewn  on  Lwg  .  A332-5040  are  these  in  a  direction 
of  8,0°  from  the  local: cor.  The  LGD  values  plotted  on  Lvgs .  A332-0038, 
-5039  ,  and  -SQ40  were  taken  from  "A  Guide  for  the  Selection  of  Antenna 
Characteristics  for  Single  Frequency  and  Two  Frc  r.iency  Local  i.r-rs  in 
the  Presence  of  Reflecting  Structui  es  ,M  and  adjusted  for  tho  macur*  d 
course  width. 

It  is  noted  in  connection  with  Dwg .  A332-*040  that  again  a  reason:!:*.* 
good  linear  relationship  exists  between  USD  and  course  bends  for  all  of 
the  arrays  except  foi^  the  type  Co-1  and  the  3  loop  array;  th*~  agreement, 
however,  obtained  with  the  8  loo;'  array  is  particularly  poor. 

It  is  suggested  by  the  data  shewn  on  Dwg.  A332-5040  that  an  add  i  tic:.  •. ' 
reflecting  source,  other  than  objects  A,  B  and  C  must  b3  present.  Gii.cc 
there  is  also  none  disagreement  fer  the  Type  CC-1  array,  as  well  as.  the 
8-loop  array,  and  further,  since  the  sideband  pattern  of  the  CC-1  array 
is  relatively  wide  ,  one  should  look  cut  beyond ,  say  2CC  ,  fee  the  aid!ti:.:.ul 
reflection  source. 

From  the  course  bend  recording  for  the  8  loop  array,  Dwg .  A 332-50 2 3, 
we  can  determine  tho  approximate  direction  of  the  reflecting  source  by 
measuring  the  distances  between  successive  maxim  of  the  course  Lends. 

The  approximate  direction  of  reflecting  source  is  given  by  tho 

wh^re : 

tho  course  bond.,  it*  tv.*. 

on  conr  >e  whoi  e  the 
rated  cent*  i'  f  the 


relationshir 


X 


/ 


A 


f 


/-Co 5  & 


L 


is  the  distance  between  r.ucc< 


axirr.a  ci 


is  wavelength  at  the  test  frequency, 
is  the  angle  measured  backwards  from  n  pci.nl 
course  bends  are  being,  observed.  We  tai-o  the  <.■  ;* 
group  of  the  course  l end s  in  p ;e :: t ;  on . 
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Peri  urming  the  indicated  mathematical  Opcr  at  i or.  ,  using  an  average 
spacing  between  the  couo::-  bond  maxima  (approximately  GCO  feet ) 
centered  abound  a  point  appro:  ia  ut^ly  +  G0G  feet  iron  threshold,  we 
find  that  the  additional  i'Oi  led  In.;  source  should  be  in  a  direction 
of  approximately  10°  rrc:t  tiro  runway  cciuerlin*:  a.,  measured  f :  . 

the  point  lccac.it  el  at  nt.C  feet  fro::.  the  threshold.  The  direr  tier* 
or  the  scarce  is  shown  by  th-  "direction  arrow*"  on  IVg .  A33?~fCls. 

Even  when  the  direction  of  the  source  is  known,  there  is  still  a 
problem  to  deter::. i no  what  thin  additional  source  racily  is. 

If  wo  look  back  from  +900  ft.  at  an  angle  of  1C°  on  the  JOG 
cycle  side,  no  significant  reflecting  source  is  found.  If  we  look  b.ick 
from  +300  ft.  at  10''  on  the  90  cycle  side,  the  direction  arrow 
right  through  reflecting  source  A.  We  cannot ,  1.  ywev^r  ,  conclude 
that  we  aio  completely  in  error  with  regard  to  source  A  for  one 
array  and,  at  th  o  s  a  :ne  t  i o  ,  be  cor  re  c  t  w  i  *  h  r  e  s  ;  rb  t  o  s  our*  o  A  r r 
five  or  six  other  arrays.  We  conclude  that  there  n.trvc  fo  an  aiui  t.  ionai 
reflecting  source  beyond  source  A  and  that  this  source  is  closer  to 
the  localizer. 

If  wo  loo):  for*  the  probable  sources  of  reflection  in  the  indicated 
direction,  v/e  find  tv.»o  candidate  sources: 

1.  An  extensive  array  of  telegraph  wires  located  approx i.mu t J  y 
.  30  feet  above  gi  cund  and  running  parallel  to  the  railroad 

tracks  shown  on  fee .  A3 3 2 - 5 01 f. 

2.  A  relatively  broad  sloping  hillside  rising  70  to  60  feet  above 
1.hc  runway  and  extending  for  a  distance  of  appro::  inmteiy  31  AC  It 
The  hillside  of  interest  is  located  at  angJ.cs  between  20°  and  4\ 
from  tiie  localizer.  A  portion  of  this  area  ha:  been  enclosed  by 
dashed  line  and  designated  as  source  P,  see  l-wg.  A  3  3  2  -  3  9 3 1 . 
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It  may  be  assumed  that  the  reflection  from  the  telegraph  wires  30 
feet  high  would  be  lens  than  from  a  flat  metal  wall  30  feet  high. 
Assuming  such  a  wall  0000  feet  long,  we  find  that  the  reflection  from 
this  wall  v.h<'ri  it  is  illuminated  by  an  8-loop  array  would  produce  bands 
around  7.0  microamperes,  and  not  110  microamperes.  The  telegraph  wires, 
must,  therefore,  be  dismissed  as  a  possible  candidate.  This  leaves 
only  the  hillside  and  a  substantial  row  of  trees  on  the  hillside  as  the 
only  possible  sources. 


A  -  2.° 


J  .  Vert  i  c n  1  Pol  ar  i  z:it  i  c :i  "•Msnrom.ent  a 

Vertical  polarize t  Lon  was  measured  on  the  Type  0  array.  Type  2 
System,  and  the  Type  IE  System.  The  measurements:  wore  mace  on  the 
inbound  portion  of  course  structure  runs  No 1 s  18,  33,  34  ,  40  ,  48,  61  , 
and  6  8 . 

The  effect  of  the  vertical  polarization  as  shown  on  the  recordings 
for  the  runs  given  above  appear  as  a  slow  change  in  cour  se  d i ro  ct  j on  • 

No  sudden  displacement  of  cross  pointer  indicat icn  was  observed  on 
any  of  the  vertical  polarization  checks. 

The  maximum  value  of  course  shift  that  was  observed  for  a  standard 
±20°  wing  dip  was  ±4.0yU.tt  .  This  variation  was  observed  during  t he 
inbound  portion  of  structure  run  No.  34  on  the  type  2  localizer  sy."1  ":r. 
The  portion  of  this  run  shoeing  the  vertical  polarization  check  is 
given  on  Dwg.  .1332-5041.  Other  measurements  of  the  vertical  polari  ¬ 
zation  for  the  same  type  2  localizer,  runs  No.  33  and  68,  however , 
showed  a  negligible  vertical  polarization  effect. 

The  maximum  vertical  polarization  effect  that  wj;,  measured 
with  the  type  IB  localizer  system  was  12  yK<v  The  vertic'il  polar i  z  v  t ; :  n 
effect  with  the  IE  course  array  alone,  run  No.  40,  was  lens  than  ±i * 
Since  these  arrays  are  all  constructed  from  the  same  type  of  element, 
one  would  not  expect  to  find  any  significant  differences  in  the 
vertical  pol  ar  j /at  icn  effect  for  different  arrays. 


The  TAA  fp-.  -  if  1  cut  Icn  cm  vertical  polarization  effect  is  givt  :i 


b°low:  Nn  :  "tv-.:  Pr.r.  P]  I  -hr  Ins  rrr,  v' ur:  »l 

s/^-V/r  ,  \  hv-.n  (.)  ::  ?  i  y. '  y.,. 

th’*  course  Jin--  d.v  to  vtribh  ;  si  tr  i ::  v  f  t .-foots  ..iu 
for  Cat  ogee  y  l  Ce>  t6y.c<  *  or  Category  11  I  aci  J.iti'*s. 


/  .  ->Q 


COURSE  HEED  CRITERIA 


CATEGORY  T. 

Max ‘run  variation  of  course  indications  from  runway  centerline 

C! 

starting  from  the*  ILS  reference  datum-  (100  ft.  above  threshold) 

3  /\ 

to  3500  ft.  from  tb, re 'hole  is  tlSjxc^.  Prom  3500  ft.  to  4  EM,  the 
maximum  variation  is  allowed  to  increase  linearly  from  il5  to  -30^ - 

CATEGORY  II 

Maximum  variation  of  course  indicator  from  runway  centerline 
starting  from  the  ILS  reference  datum  to  3500  ft.  from  the  threshold 
is  ±5^^.  from  3500  ft.  to  4  NM ,  the  maximum  variation  is  allowed 
to  increase  linearly  fro:.,  *5  to  f30/U<R. 

CATEGORY  ITT. 

Category  III  encompasses  Category  II  and  in  addition  provides 
that  the  maximum  variation  of  course  indicator  from  the  ILS  reference 
datum  (100’)  to  a  point  70  it.  above  the  runway  and  3000  ft.  down 
t he  r unway  shall  also  r eina  in  within  ± 5  / <  Ct  . 


-The  distance,  measured  on  the  ground,  heU/een  the  threshold  and  a  poin* 
lying  directly  under  the  ILG  reference  datum  will  depend  on  the  location 
oi  the  glide  slope  and  the  glide  slope  angle. 
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TABLE  VI  -  Comparison  of  the  NSD  values  for  each  of  the  tested  arrays 
in  the  directions  of  the  principal  reflecting  sources.  Data  based 
on  the  theoretical  distribution  of  sideband  signal  and  the  measured 
course  width  at  Boeing  Field  International 

NSD  (NORMALIZED  SIDEBAND  DIFFERENCE) 


Angle  From 

Front  Course  to 

5.6 

9 

6.3° 

oo 

o 

o 

20° 

30° 

40° 

Reflecting  Source 

”C" 

"B” 

"A” 

_ _ 1 

"D" 

"D" 

»'D” 

Type  C6-1 


8  Loop* 


0  Loop** 


Type  0 


Type  1A 


3.0**  4.0** 


1.63  1.81 


1.07  1.02 


Type  IB 

(Course  Array) 


.035/23° 


.036/29° 


.021/42° 


Waveguide  4.0° 

(Course  Array) 


0.76  0.52  0.2  .045/21°  .07/27°  .044/38° 


.02/21° 


.02/29°  .02/42° 


Type  2  4.1°  0.23  .06 

(Course  Array) 

^Theoretical  Data 

**From  flight  data,  see  Erwg.  A332-5032,  the  0.22  NSD  value  at  40°  is  probably  due  to 
shielding  by  the  hill.  This  value  has  no  bearing  on  the  value  of  the  NSD  control¬ 
ling  the  reflection.  The  values  of  NSD  at  5.6°  ,  6.3°  and  8°  are  believed  to  be 
in  error.  These  NSD  values  are  taken  from  the  measured  SO  pattern.  The  measured 
SO  pattern,  however,  is  questionable  because  of  the  difficulty  in  determining  the 
correct  AGC  voltage  levels  when  the  high  end  of  the  receiver  curve,  greater  than 
100/ f  V  ,  rises  as  steeply  as  is  indicated  on  Dwg.  A332-5021  receiver  SER  1051. 


4^  Q 


'f-oM  &o'£/rt&  fszio  jpri&AtMc&r.. 


